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W\ITHIN recent years and in many countries considerable
interest has been taken in bloodl pressure. Muclh lhas been
written and many sphygmomanometric instruments lhave
been devised. For general purposes, these instruments,
as I have slhown in a previous paper,' miiay be groulped into
two divisions, according to the main principles of their
construietion, the first division comprising those forms of
apparatus foLunded upon the method of estimation of the
pulse wave below the level of compression, whilst the
second incluides those based upon estinmation of move-
ments or oscillations of the arterial w-all at tlle level of the
coumpressed portion of tlle liml. As an exanmple of the
first group I will take an instrLiumenit of the Riva-Rocci
tvpe; as an example of tlle second group, tlle sphygmo-
oscillometer of Pachoni.

In any branclh of experimental science not only is it
adlvisable, but indeed essential, every now and again to call
a halt in order that we may review otur progress and
position in the light of recent knowledge, wllile at the
same time we assess and reassess as carefully as possible
both tlle accuracy anld extenit of the grotund+worli upon
which o-ur superstructure rests. And it is for thlis very
reasoni that I speak on this stubject to-day, for, in my
jtudgement, the greater part of thc clinical work oil
arterial pressures hitlherto attempted is founded on a
basis, true so far as it goes, but wlichl represents only a
part of the whole trutlh.

First of all, wlhat do people generally nmean when tlley
speak of blood pressure? In this country, wlhen blood
pressure is referred to, the radial systolic pressuire regis-
tered by som-ie or other miodification of the Riva-Rocci
sphygmonmanometer is usually meant. Indeed, from tile
way in wlhich mnany speak of "4blood pressure," it would
appear that a certain blood pressure is as clharacteristic
of an individual as the colour of his lhair or the slhape of
hiis nose. But this is not so, for altlhouglh the blood pres-
sure of a healtlhy individual may in general be confined
-within limits which possibly differ but little from tllose of
hiis next-door neiglhbour, yet suchl pressuire is not constant
from month to m-lonth or froiii day to day, but from
respiratory, psychical, or otlher causes miay vary even
dturing the time of investigation. In some subjects blood
pressure is far more stable thani in otlhrs, and observa-
tions over long intervals of timle may approximate to an
equal series, characteristic for each under like conditions.
But this approximation is never absolute, for in reality
blood pressure is a quantity capable of variation with
eaclh heart beat, witlh eaclh clange in tonus of vessel wall,
wvith the periplheral resistance, and witlh tle total volume
of circulating blood. For an individual, in short, arterial
pressure lias Dio fixed value. It is always fluctuating a-nd
never isodynamic. Helnce the miiaximal and minimal
pressures betweeni wlliclh arterial pressure norimially varies
are the importaint criteria wlhiclh in every case we must
definitely determine.
In a phmysiological laboratoly tlle pressures within an

opened artery form- the usual stubject of investigation,
and, in any comparison between laboratory anid clinical
metlhods, it is niecessary to bear in miind this fact, for the
reason that, wliile suclh pllysiological m-etliods usually
record olly tlle illlean blood pressure, our clinical methods
never measure tlle mean pressure, but either the maximinum
pressure (systolic). or tlhe minimum pressure (diastolic), or
botlh, according to the kind of instrument employed.
Those who are accustomed to work only witil spllygmo-

manometers of tlle Riva-Rocci type urgc that registration

of the diastolic pressure is a needless refinement, and that
for all practical purposes a record of the systolic pressure
suffices. Further, it has even been stated that the
"diastolic" pressure can have no true significance, since
the pressure during diastole is continuously falling. In
like manner, would it not be just as reasonable to ignore
the "systolic" pressure, since during systole there is a
rising pressure ? In fact, suclh statement appears to slhow
an entire lack of appreciation of the terms involved iu
practical sphygmometry, for, according to the accepted
terminology, the pressure called " systolic" is that
pressure whiclh is recorded at the highest point of tlho
systolic crest- in other words, the maximnal pressure-
wbile the " diastolic " is that pressure which is takeni at
the lowest point of the diastolic curve-in other words,
the mninimal pressuire; and to interveniing pressures,
including the mean pressure, the terms "systolic" andl
"diastolic" are not without qualification applied. Pres-
sures between the heiglht of systole and the depth of
diastole should properly be terined "interpressures," anid
althouglh a knowledge of these is desirable, yet, at the
same time, they slhould not be taken as criteria in blood
pressure observations.
From the evidence whichl I now proceed to lay before

you I think that you will agree that the above objections
are mistaken ones, and that to record the maximum pres-
sure wlhilst despising the minimum niot onily affords no
indication of what the mean pressure is likely to be, but
resembles attempting to solve a complicated problem of
which one factor only is given. " No fact," says Janeway.12
" regarding the blood pressure is better established tllan
its wide ralnge of variation in any individual. It is there-
fore impossible to speak of a normal value for blood pres-
sure, btut only of certain normal upper and lower limits."
Once we lhave succeeded in establislhing the trtutlh of

tllis proposition, self-evident indeed but till of late uIn-
recognized, we are confronted with anotlher point, equally
clear and direct, the importance of wlhich in this country
is only now becoming recognized, namely, tlle diastolic
pressure. Marcy" was the first to demonstrate as tlle
criterion of the true diastolic pressure the external pres-
sure at wlhiclh maximnurn amplitude of the arterial wall
becomes manifest, and the truth of this great and funda-
mental observation has since been verified by numerous
workers. At the Annual Meeting of the British Medical
Association in 1911, in reference to the use of Pachon's
oscillometer, I said, " Now that we are in a position to
institute a comparison between the maximal and m-inimyial
pressures, it will probably be found that of the two the
diastolic is the more important.' 4 Additional experience
during the past two years lhas served to confirm the belief
that I then expressed. And wlhy do I say this? Chiefly
for the reason that the diastolic pressure is a clharge wlichi
the arteries must constantly bear, and from which they
cannot escape. There is lno point below wlich tthe minival
pressure can fall. The diastolic pressure, therefore, is a
constant charge, whilst the systolic pressure represelnts
only an intermittent supercharge.
Now let us examine in greater detail what is meant by

the kind of statement so frequently made that a given
blood pressure is found to be, say, 120 mrn. Hg. This is
usually taken to indicate that a distensile bag with outer
non-elastic cuff has been placed around the arm-l above the
elbow, and that air has been pumped ilnto the bag until
the pressure within it has been raised to height sufficient
to obliterate the pulse at the wrist. The pressure in the
bag is given either by a mercurial or aneroid manometer,
and, in the example just given, the observer assumes that
the pulse becomes extinguished whenl the manometer
reading is 120 mlim. Hg.

Whlat has actually been recorded is simply the fact that
in a given individual at a pa-ticular momient a pressure of
120 mm. had to be applied around the arm in ordler to
cause the pulse at the wrist to disappear. From otller
evidence, the nature of which I need not now enter upon,
it is assumed that this pressure is equal to the systolic
pressure in tlle radial artery. Were the arteries rigid
tubes like gas or water pipes, and were the blood a
stationary fluid whose pressure was not constantly fluctu-
ating on account of the beat of the heart between a sys-
tolic maximum and a diastolic minimum, by the ordinary
laws of lhydrostatics the pressure would uLndoubtedly be
the same at every point. But the blood has dynamic enelgy,
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it is in constant movement, aind tlhc arteries are niot rigid
tubes wllicll serve m-nerely as coiidtits, btt beinig themselves
extremiely distetisile anld elastic tubes exert a powerful
illfluLenice uponl the blood flow. AWe all kniow that in the
arteries the pressture is hliglh anid initerm-liittelnt, wllile in the
veinlls the pressure is iowv alnd continuLous. Tlle ilnter-
raittent flow in tlle arteries wlhen passing tlhrougli the
capillaries is broken (lowni into a colntinuous flow in tlle
veins. Whlere, dloes this breaking down occur? Are we
to assumile that the systolic pressure is the samie from! the
aorta throuall the bracllial inito the radial artery, and that
it is not until the blood streaiii arrives at the capillary area
or just before tlle capillary area that the intermiiittelnt
pressure is brokien clown. inito a colntinuous olne in the
veins'? Or, alterlnatively, is the pressnsc being COn-
tinuously broken down by the arteries tlhroualgout the
whole of tlhe course from aorta to capillaries? If tlle
latter be the true explanatioln, tlle systolic pressure should
be hiiglher in the aorta than in the brachial, hliglher in the
bracliial tlhaln in the radial, anid so oni. Accorclingly we
should spe-ak, inot of f7ic systolic rressure, but of the
bracllial, radlial, femlioral, etc., systolic pressure, as the case
miiay be. WVhiat really happens witlh the Riva-Ilocci type
of instrument is that the observer compresses one artery,
the braclhial in the armi, whlilst lhe takes as the systolic
pr-cssure the disappearanice (or returni) of tlle pulse in
aniotlher artery, the radial in tlle forearn. Quite apart
frolll disadvantages due to personial differences in tactile
sensibilify, inertia of tlle ilmercury colunin, etc., the fact is
tlhat the comiipressioni is exercised, not at a point wlhicl
coincides witlh tllat at wlichl the pulse is felt to disappear
(or return), but at a differelnt level altogetlher, and I can
easily show youL that wlheln the pulse lhas already dis-
appeared in the radlial artery the bracllial artery still
showxs am-lple pulsations.

Leavincg this point for a miiomiient, from-l anotlher a spect
I wvishl to direct your attelntion to the ilnadequacy of coln-
siderling the systolic r-eading alonie. Supposing tlle
interval betweeni the top of the systolic crest of the
p)LessuLe wave and the bottolmi of the diastolic notchl were
alwvays the same, it would not m-latter wlichl readinig we
took, anad we mnighlt tllen safely rely on systolic pressures
aloine. As it is, lhowever, miierely to state tllis assumlption
is sufficient to slhow its falsity. We all kniiow that the size
of the plulse tlhe amplituide of tlle pulse curve-varies
enor-mously in dlifferent inidividtuals, anid incdeed in tllc
same ind-cividual at different times. In other words, the
ielationi betweeni tlle systolic m1IaSimium< and the diastolic
miniumluIl varies. Let ine give you a supposititious illuts-
trationl: In, olne nian the systolic pressure in tlle radial
artery is 140 anld tlle diastolic pressture is 80; in anotlher
the systolic is 120 anid the diastolic is 100. Wlliclh of tlle
two hias tlle highller blood pressure? In wlliclh is tlhe
artery undergoing tlle greater straini? If we are contenit
to re-ord systolic pressures alone, uinquestiolnably Nve
slhould say that the mall witlh a systolic pressure of 140
r'anl the gL'raver r1iski. If we reaard the diastolic alonie, we
shlould say that the artery of the seconid indivicltdal was
exposed to the (greater strain, but if we take the aritlh-
inetical mean, assuming for tlle sake of argumLient that the
mean. figure between the two extremnes represen-ts the
miiean pressure, we see that the strain is equlal in tlle twvo
cases. Now, as a result of investigatiolns extending over
some considerable timne, I have fotund in many cases, and
especially in aomtic regurgitation wllich affords some of
tlhe best anid most striking exanmples, that an abnornmally
high systolic pressuire is accolllpanied by an abnormually
low cliastolic pressure. Hence to recordl systolic pressures
alone is fallacious and misleading.
Let miie give you as illustrations two actual cases:
A certaini patienit of m-iine suffering froiim aortic regur-

gitation gave as his systolic pressure 210 nmmu. Hg.
Another mani -a case- of granlular kidniey-gave a systolic
pressure of 180. Had I regarded the systolic presstures
alone I slhouild lhave said tllat the aortic case lhad the
liclcer blood pressure, and that hiis arteries were ini a
condition of greater stress ithan those of the man with
gralnular kiidney. But a record of tlle diastolic pressure
in eachl case put ani cntirely differelnt construction on the
mlatter. Tlle diastolic pressure of the aortic case was
70 mm. Hg, whilst that of the renal case was 140-that is
to say, thle renal case had hlis arteries constantlv kept on
thle stretch by a minimial pressure of 140, wlichl during

systole rose to 180; wllilst in the aortic case the diastolic
pressture was only half this amuount, and it was solely
during tIme brief inlterval of timre represented by the upper
part of the sharp systolic peak tllat the pressure reached
a notable elevation. DuLring diastole the arteries were far
less stretchled tlhaln normllal. Various otlher considerations
hlave convinced mne of the futility of taking only tlhe
systolic pressuire, wlliclh I do not propose to enter into
lhere, as I tliink cnouall lja3 beeni said to slhow that any
argument based upon systolic readings alone nmust be
received witlh the very greatest caution.

If under pathological conditions the interval betweeni
the systolic miiaximumi anid the diastolic miininm-ulmn canl vary
to degrees evenimore extrenme tlhall slhow-n bv tllh cases
I lhave juist cited, tlle quustihn naturally arises, May tlhere
niot be from time to tinI e plhysiological variations in tlle
same individutal ? Is it nlot possible, for inistance, that tlle
systolic pressuire may rise anid the cliastolic fall, so that
wlhile the mBeanl pi-essui-e remiiains constalnt, either a systolic
or diastolic readinig, if considered separately, would slhow
a variation in pressure?A9What I regard as an extremiely
important contributioln to our lknowledge of tlle subject lhas
recently beell made in a paper read before tLGc Royal
Society by Dr. Rlussell Wells anid Professor Leonard Hill 5
oni tlle ifltuelnce of the resilienice of the arterial wall on
blood pressure and onl tlle pulse curve. It is possiblc tllat
I am attaching more iinportanlce to this than it deserves,
sinice I am partly responsible for the worli on which it is
based, and shall slhortly, in conijunction witlh otlhers,
publish this evidence in full, so that it can be criticized
and confirmiied or refuted. Nevertlhcless, as I personially
believe it to be truLe, I feel it only riglht in discussing
tllis subject to glive you the outlines of the view in
question.
Up to tlle presenit time it' has bee1n assume1cd th1at

arterial elasticity is a fixed quantity for eaclh artery, and
does not vary. TIme suggestion is niowv niade that the
arteries lhave tlhe power of becomrinlg more or less rigid,
less or mliore resilienit froml timne to time uinder tlhe
iiifluence of the nervous svstemii, or from otlher causes. 1m
order to be clear, perlaps it 'would be well to explain iny
meaninig at greater lengtl), anid if I seemIi to solmle of yor
to be talking ratlher clem-ientary physiology, I trust that
you wvill forgive rmie, as I find it ratlier clificult adequLately
to explaini this idea witlhout somlie simrple illustrationis.
Tlhe word "resilience" is used to express the ease witlh
whvlichl ani elastic tu-be distenids witlh a rise anid recoils witlh
a fall ill pressure of the conltainled fluid. 11n thlis sense a
glass tube possesses nio resiliemice. A rubber tube witlh a
wall 0.2 mmni. thick is mnoreC resilielnt than onie witlh a vall
0.4 mllI. thick. Tlle thlinnier, more resilielnt tube yields
witlh a I-iso anid recoils with a fall of pressure to a greater
extent tlhaln does the lharder and tliiclker-walled one. If
tlle arteries were rigid tubes, anld if tlle systolic pressurie
gelierated at eaclh beat of the hieart were, say, 140 mmn. H3g
in the aorta and the diastolic 60, botlh systolic andl
dliastolic pressu-res would be coinstant thlroughlouIt thle
arterial systemii and at the tllh-eshlold1 of the capillary area.
But tIme arteries are not rigid ttibcs; the"y arc rl-siient,
anid conisequently their walls become distended during
systole ancd recoil dluring diastole. Hence, fuLrtler dowvn
the arterial trec we slhall finid the systolic pressture
lowe-ed, say, to 130 mm. Hg, and tlhe diastolic raised,
say, to 70. Were the resilielnce of the differenlt arteries a
fixed quiantity for eaclh, the amnount by whvliclh the systolic
pressure would hlave falleni ancd to whlichi the diastolic
-would lhave been raisecdvwould be always the same for the
same pressure differences at the hleart. But the vasonmiotor
tonus, is conistanltly chaniging in various portions of the
arterial systemii so as to meet tlle local requirements, and
if for aniy reason a particular artery becomes nmore
resilient, tlhe systolic pressure witliin that artery will be
furtlher reduced and tlhe diastolic more raised.
Even this assumliption, hiowever, is not unclhalleniged, for

Russell16 of Edinburghl declares that some of the pressume
in the splhygmomanomieter bag is used up in overcomina
the resistance of the vessel wall. According to hiim,
tllerefore, the systolic pressure in the radial artery in our
example wvould be 120 minus x mm"., beingth" e amount
required to cause the vessel wall to collapse. Others,
again, have miaintained that x is a negligible quanitity, alnd
that 120 wouild really represent the radial systolic pres-
sure. I an1 not at present concerned in discussing this
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point or the other assumptions that underlie the statement
that the method I have outlined gives the true systolic
pressure in the radial artery. I do, however, wish to
point out that all that can be asserted is that the systolic
pressure -was 120 mm. in the artery observed at tlle
moment of observationi.
From tlle fact thiat in hlealthy young adults in the

recumbent postuire the systolic pre3sure in the posterior
tibial arterv is fonnd to -be. about the same as in tlle radial
wlhen simifarly mieasured, there seems to llave arisen a
supposition, tacit perhaps rather tllan avowed, that the
systolic pressure in all the arteries of the body would be
muchl the same. Thlis is a very large suppositioln, and, as
I believe, an erroneous one.
Having already demonstrated that a record of systolic

pressure is of slight value in, the absence of a simultaneous
record of diastolic pressure, we next have to ask, Whllat
are the instruments which afford the information that we
seek? Instrurments recording both pressures arc few in
number, and of these the best are the splygmomDanometer
of Erlanger and the sphygmo-oscillometer of Paclhon. For
graphic records of physiological blood pressure in- suitable
cases Erlanger's apparatus lhas considerable utility. In
clinical medicine, nevertlheless, its employment is contra-
indicated, since it is too complicated, cumbersome, and
expensive for purposes other than those of the laboratory.
No suclh objections-apply to Pachon's splhygmlo-oscillo-

meter, wlhiclh is less expensive, easily portable, and simple
in application. Moreover, if properly usecl, it eliminates
tlle personal equation, so tllat, having now used this
instrument for upwards of tlhree years, and having tested
it against a large number of other apparatus, I am able to
say that witlh it I have obtained very useful clinical
results. By this I do not mean to say that I consider it
a perfect instrument, but it is certainly quite a good one,
ancd both in private work and in hospital I use it in pre-
ference to any otlher. One minute only is required for an
ob3ervation, wllich, hlowever, I always repeat for the sake
of accuracy, and at the end of this short time one has a
comnplete record of imiaximial pressure, m-linimal pressure,
and arnplitude of pulse wave.
In stating that the Pachon sphygmo-oscillomneter gives

a record of maximal and minimal pressures, I do not say
that even these figures represent the real blood pressures
of the case under observation. More investigation on
this point is required than I have yet been able to make.
The salient fact is that botlh pressures are obtained simul-
taneously by the use of the 8acme method, and tllat these
are relative one to the otlher, thus affording exceedingly
valuable clinical comparisons over large numbers of cases.
It is of no avail to measure one pressure by a mercurial
manometer, for example, and anoth:er by the method of
oscillations, for readings of the systolic pressure by one
nethod and of the diastolic by another method totally
different in priinciple fail to give results whllicl are siffi-
ciently accurate to be comparable with advantage. In
fine, illy opinion is that an absolutely satisfactory meanis
of recording at the bedside the various blood pressure data
hias yet to be discovered.
To a future occasion I miiust leave the remarks wllich

I lhad lhoped to make on readings taken in the manner
I lhave described as guides to prognlosis and treatment.
It hias been denied that blood pressure records can give
any usefuLl indications in these respects; but. again, this
pronouncement has been made frolm consideration of
systolic apart from diastolic pressuLres. Personally, I may
say tllat I often find readings talieni at frequent intervals
of considerable assistance wlheni considered in conijunction
witlh tlle otlher available plhysical signs and symptoms.
For iustance, if in a case of arterio-sclerosis botli pressures
are rising in spite of treatmenit, the import of this is uin-
favourable. In a patient of mine, a lacly aged 65, the
subject of lhypertrophy of the left ventricle, generalized
a-terio-selerosis, anid soinie chronic interstitial neplhritis,
the arterial blood pressures, systolic and diastolic, lhave
been tllrouglhout the past two years very high. Some
nine months ago the pressures rose, and I considered lher
to be in danger of cerebral apoplexy. This event speedily
aplpened, being associated with paresis of face, arm, and

leg on the samle side, froml wYlmichl now thle patient has
made *vcry fair rccovery, andc the blood pressure hlas
become slightly lower thlan tIme originlal figures. As
regards treatment, thle case of a schoolboy, aged 14, wvithl

well-miarked double aortic disease, is of interest. Oni hiis
first visit the readings were 20-2-8, the first 'being tlle
systolic pressure in centimetres Hg, the last thb diastolic,
and the intermediate figure the amplitude of pulse wave.
Tllree weeks later the readinigs were 14-0.5-7, the gencral
condition and state of the circulatory system lhaving
correspondingly imlproved.

It would be easy to m-iultiply exaraples-of general diseascs
as well as of circulatory affections, but, since I lhopc to
deal witli these in a later paper, I will concltude witlh the
recomnlendation tlhat, as opporttunities preselnt themselves,
you will test for yourselves tlle importanlce of registering
diastolic as well as systolic pressures.
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THE IDIO-VENTRICULAR RHYTHAM.
A CLINIC C.4SE Wf ITIH POLYGRIAPHIC

RECORDS.

By CHARLES ALLEN ROBINSON, B.A., M.B.,
B.C.CANTAB.,

LEOMINSTER, HEREFORDSHIRE.

THE termii " bradycardia " is applied correctly to those
cases of infrequent heart action in whlicll the auriclcs
participate in the infrequency. It muay be eitlher noral
or of tlle so-called nodal type.

In the normnal bradyearldia thle auricular contractions
bear the normal time relationslhip to those of the venltri-
cular. Tlle term " nodal bradycardia" is applied to that
formi in wlliclh the auricular contractions occur simul-
taneouisly with, or very sliglhtlv before or after the veni-
tricilar contractions. Tlle case on whiclh this paper is
based may be regarded as one primarily of bradycardia,
and it lhas some features in common with nodal brady-
cardia as defined. It differs, lhowever, in tlhis, tllat tlle
polygrapllic records slhow a regularly-recurrinig auLricular
contraction to wlhich the ventricle fails to respond.
In cases in wlich tlle conduction of im-ptulses is not

ilnterfered with, the idio-ventricular hliythln asserts itself,
provided the period of time occupied by tlhe rhytllrhic
formation of impiulses is less in thle ventricles than ini tlhe
auricles. So that a lengthening of the time of stimullus
formationi at the sinus, or a lessen-ing of tlle time in the
ventricles, or a comubination of these, will produce tlle
assunmption of the idio-ventricular rlhytlhm.
In the case of bradyeardia we lhave, tllen, an essential

elemenit for tlle production of tlle idio-ventricular rlhytlllh,
provided tlle bradycardia is sufficiently pronounced, and
tlle period of time occupied by stimulus formuatioln in tlle
ventricle is not also lengtlhened sufficienitly to prevent tlle
ventricular rllythlmii froni comiiing into action.

4 Casc lilustratIing Idio-rewrticolar Rhythmii.
On December 5th, 1912, a patienit came to me complaining

that lhe was3unable to conitinue his work because of pains in
the clhest, arms, a&li legs, anicl some breathlessness. He is ablacksmitlh by trade, aged 32 years. He has been at this trade
for thle last ten years, but previously to that from the age of
16 years lha(l been emnploved in a coal mine. He is a small man
and not of good muscular development.
There is n-o history of illness or inijury likelv to cause

affection of the lheart. He denies havinig had syphilis. He lhaslhad no attacks of faintinig.
He has a troublesome cough, wvith some expectoration.
The pulse is smiall and at the rate of 40 per miniute, and is

almost regutlar in. rhytlhm. There is nlo evidence of atheroma.
The lheart sounds are clear but faint, and they correspond to
the beats of the radial pulse.

Tlhe lungs are emplhysematous, Nwhich prevents the size of
the heart being determined. There are no signs in the lungs
to accoutnt for the couglh. There is some tendlePness aind
increased muscular resistance in the region of the liver.
There is no oedema of the extre'mities or other signs of heart

failure otlher tlhani those mentioned.
The uirinie dloes not contain albumin.


